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® Turbo compound engine. 



© A turbo compound engine (1) constructed in a 
manner such that the crankshaft (15) of the engine 
(1) and a power turbine (12) disposed in the exhaust 
gas passage are connected to each other by a gear 
train during exhaust braking, the rotation of the 
crankshaft (15) is transmitted to the power turbine 
(12), the power turbine (12) imposes a negative work 
on the crankshaft (14) as braking force, speed- 
change mechanism (95) disposed in the gear train 
50 as to adjust the transmitting revolution speed 
from the crankshaft (15) to the power turbine (12) Is 
controlled by a controller (62) based on driving con- 
dition of the vehicle, so that a suitable braking force 
is applied to the crankshaft (15). 
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TURBO COMPOUND ENGINE 



The present invention relates to a turtio com- 
pound engine that is capable of recovering the 
energy of exhaust gas as an expansion work of the 
turbine and utilrzing the recovered energy as rota- 
tive power of a drive shaft such as a crankshaft. In 
particular, it concerns to a turbo compound engine 
that is capable of generating an optimum and mini- 
mum engine braking force in accordance with run- 
ning condition of the engine. 

Generally, supercharged engines have advan- 
tages in comparison with non-supercharged en- 
gines of larger displacements: (1) better fuel con- 
sumption rate, (2) equal or better output perfor- 
mance, and (3) lighter weight and compactness. 

A turbo compound engine is an engine in 
which the above advantages are further argumen- 
ted. In the turbo compound engine, the energy of 
exhaust gas from the engine is recovered by the 
turbocharger as its supercharging work, and the 
remaining energy of the exhaust gas from the 
turbocharger is recovered by the power turbine as 
Jts adiabatic expansion work. This construction 
brings about a general improvement in the power 
output performance, fuel consumption rate, and 
gain of the engine. And. the turbo compound en- 
gine's overall performance or its serviceability can 
be further ameliorated by increasing the expansion 
ratios of the turbocharger and the power turbine so 
as to raise its supercharging pressure. 

In this case, however, it remains a problem to 
secure an adequate braking effort (for example, by 
means of exhaust braking) to counterbalance the 
increased power output of the engine. In other 
words, as a relative engine braking force suffers a 
decrease because of increased turbocharged pres- 
sure, a mam brake (i.e.. foot brake) should be 
manipulated in order to offset the relative decrease 
of entire braking force. 

Obtaining a sufficiently large engine brake 
force IS important not only for the maneuverability 
and safety of the vehicle (engine brake force of 
approximately more than 60% of the rated output 
power IS required), but also for taking better advan- 
tage of the advantages of the turbo compound 
engine. Thereupon, the present assignee has pro- 
posed a "Turbo Compound Engine" disclosed in 
Japanese Patent Application No. 61-308776. 

In this proposal, a power turbine and a crank- 
shaft are connected to each other by a gear train, 
which has an electromagnetic clutch, so as to 
transmit the rotation of the crankshaft to the power 
turbine. Said electromagnetic clutch is connected 
upon exhaust braking. The gear ratio of the gear 
train is set smaller than that of the gear train that 
transmits the rotative force of the power turbine to 



the crankshaft when the exhaust brake is not op- 
erated. 

The exhaust brake is in general manipulated 
even when the engine is running beyond the rated 

5 revolution speed, in this case, there is a substantial 
possibility that the power turbine may go into an 
overrun condition. Therefore, in the above proposal, 
during exhaust braking, the electromagnetic clutch 
is actuated so as to transmit the rotation of the 

10 crankshaft to the power turbine, rotating the power 
turbine in reverse sense. In this manner, compared 
with the gear ratio of the gear train which transmits 
the rotation from the power turbine to the crank- 
shaft when the exhaust brake is not operated, the 

75 gear ratio of the other gear train which transmits 
the rotation from the crank gear to the power 
turbine is set small, so that the overrun of the 
power turbine upon exhaust braking is prevented. 
Also according to the above idea, the power 

20 turbine functions as a compressor, and the inlet 
line of the power turbine is throttled to a certain 
degree in order to aquire a braking force cor- 
responding to the degree of throttling of the inlet 
line. In this case, however, the throttling of the inlet 

25 line is fixed. Hence, a characteristic or an advan- 
tage that the braking force varies with revolution 
speed of the power turbine is not utilized effec- 
tively. The breUting force increases with the revolu- 
tion speed of the power turbine. Therefore, it is 

30 desirable to obtain an appropriate braking effort in 
accordance with the revolution speed of the power 
turbine. 

In addition, according to the construction of the 
above proposal, it is possible to obtain an energy 

as absorption force as braking force of more than one- 
third of the engine horsepower at an optimum 
throttling. However, if the whole of the thusly aquir- 
ed braking force works at the same time when the 
vehicle is running, following difficulties will arise. 

^0 (1) The vehicle skids momentarily. 

{2) An anti-driving force upon skidding exerts 
as an extremely large load on the driving system of 
the vehicle. 

(3) An abnormal abrasion of tires, and brake 

45 pads and shoes occurs. 

One object of this invention is to provide a 
device which produces an exhaust brake force of 
suitable magnitude during exhaust braking in ac- 
cordance with the driving condition as well as the 

so total weight of the vehicle so that the anti-driving 
force which might damage the driving system of 
the vehicle, and the skidding do not happen, there- 
by remarkably improving the reliability and the 
durability of the braking system. In order to attain 
the above object, a turbo compound engine of the 
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present invention includes a gear train For connect- 
ing the crankshaft of the engine and the power 
turbine disposed in the exhaust passage so as to 
transmit the rotation of the crankshaft to the power 
turbine, speed-change means for changing the 5 
transmitting revolution speed of the said gear train, 
and a controller for controlling said speed-change 
means based on driving condition of the vehicle. 

The invention will be further described with 
reference to the accompanying drawings. w 

Figures 1 is a system diagram, showing a 
preferred embodiment of the turbo compound en- 
gine of the present invention. 

Figure 2 is an enlarged view of a part of 
Figure 1 , showing a non-stage transmission mecha- 75 
nism that enables the change of the revolution 
speed transmitted to the power turbine, and a 
controller for controlling the non-stage transmission 
mechanism. 

Figure 3 is an enlarged view of a part of 20 
Rgure 1, showing a rotary valve switched to a 
position to recover the motive power of the power 
turbine. 

Figure 4 is an enlarged view, showing the 
rotary valve switched to a position at which a 25 
braking force is produced by the power turbine. 

Figure 5 is a flow sheet of the controller 
which controls the non-stage transmission mecha- 
nism. 

Figure 6 is a system diagram, depicting a 30 
turbo compound engine of related art. 

Figure 7 depicts a characteristic curve, 
showing a relationship between degree of throttling 
of exhaust passage and braking force against en- 
gine, that is to say, engine braking force. 35 

Figure 8 depicts a characteristic curve, 
showing a relationship between the revolution 
speed of the power turbine and the engine braking 
force. 

As shown in Figure 6 of the accompanying 40 
drawings, a power turbine a and a crankshaft b are 
connected to each other by a gear train d. which 
has an electromagnetic clutch c. so as to transmit 
the rotation of the crankshaft to the power turbine 
a. Said electromagnetic clutch is connected upon 45 
exhaust braking. The gear ratio of the gear train d 
is set smaller than that of the gear train e that 
transmits the rotative force of the power turbine to 
the crankshaft b when the exhaust brake is not 
operated. so 

A preferred embodiment of the turbo com- 
pound engine of the present invention will be de- 
scribed with reference to the accompanying draw- 
ings. 

In Figure 1 . 1 indicates an engine. 2 the intake 55 
manifold, and 3 the exhaust manifold. 

As depicted in Figure 1. an exhaust gas pas- 
sage 4a is connected to the exhaust manifold 3. 



and to the intake manifold 2 there is connected an 
intake-air passage 5. 

The turbine 10a of the turbocharger 10 is dis- 
posed at an intermediate point in the exhaust pas- 
sage 4a. while the compressor 10b of the tur- 
bocharger 10 is disposed at an intermediate point 
in the intake passage 5. In an exhaust passage 4b 
downstream of the turbocharger 10. a power tur- 
bine 1 2 is disposed. 

The turbo compound engine of this invention is 
intended to secure an adequate engine brake force 
relative to the engine output performance. In order 
to Increase the' engine braking force, it has been 
found that a resistance force should be applied to 
the crankshaft 15 directly or indirectly. This is 
effectively performed by loading the crankshaft 15 
with considerable negative work. 

Thereupon, th e turtK> compound eng ine^ of this 
invention is constructed so t hat the power turbine 
12 is rev ersefl d uring exhaust braking, letting the 
power turbine 1 2 cause a large negative work. 

As shown in Figures 1, a fluid passage 25 is 
connected to the exhaust gas passage 4b between 
the power turbine 12 and the turbine 10a of the 
turbocharger 10 at one end. and at the other end to 
the passage 4c downstream of the power turbine 
12. And at the junction of the fluid passage 25 
upstream of the power turbine 12, there is provided 
a passage switiching means 30. 

In this embodiment, the passage switching 
means 30 is. as shown in Figures 1. 3 and 4. 
constituted by a rotary valve 31, which is disposed 
in the cibove mentioned junction and functions as a 
switching valve, and an actuation mechanism 32 for 
the rotary valve 31. The rotary valve 31 comprises, 
as depicted in Rgures 3 and 4. a rotor 31b, which 
is rotatably disposed in the casing 31a, a first port 
A, and a second port B. both of which ports being 
formed within the rotor 31b in a manner such that 
the diameter of the first port A. d1, is equal to that 
of the exhaust passage 4b, dO. while the diameter 
of the second port B, d2, is smaller than that of the 
passage 25. d3. In the casing 31a, openings 31c 
are formed as parts of the exhaust passage 4b. 
The rotation positions of the first port A and the 
second port 6 are determined in a manner such 
that when the exhaust passage 4b and the first port 
A are connected to each other, the exhaust pas- 
sage 4b and the fluid passage 25 are discon- 
nected, as shown in Figures 3. 

The actuation mechanism 32 that switches and 
controls the rotary valve 31 Is constructed as fol- 
lows. As shown in Figures 1. 3 and 4, to the rotor 
31b there is connected one end of a lever member 
35, while to the other end thereof, namely that end 
which extends one of the exhaust passage 4b in 
the radial direction, there is connected the actuat- 
ing rod 33 of the actuator 34. 
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In Figure 1 . 36 indicates a fluid feeding appara- 
tus which is connected to the actuating chamber 37 
of said actuator 34 by the fluid feeding passage 39. 
And midway in the fluid passage 39, there is dis- 
posed an electromagnetic valve 40 that connects 
the fluid chamber 37 and the fluid feeding passage 
39 \A^nen electric current is supplied thereto. The 
eiectnc current is supplied to the electromagnetic 
valve 40 only when the neutrality sensing switch 41 
of the engine l. the clutch action switch 42. and 
the exhaust brake switch 43 are ail turned ON. 45 
designates a OC power source such as a battery. 

47 denotes a switch for reverse rotation of the 
electromagnetic clutch which has a normeil open 
contact point (A contact point). 

Next, a gear tram for connecting the power 
turbine 12 and the crankshaft 15 will be explained. 
Refernng to Figure 1. to the end 13a of the turbine 
shaft 13 of the power turbine 12. there is integrally 
provided an output gear 16 with which epicyclic 
gears I7a and I7b are engaged. These epicyclic 
gears 17a and 17b are also engaged with a ring 
gear 18 which rotates with an input pump wheel 
21 a of the fluid coupling 21, 

The output gear 16 is connected to the fluid 
coupling 21 via the epicyclic gearing 19 which 
compnses the planetary gears 17a and 17b as well 
as the ring gear 18. so that the rotative force from 
the power turbine 12 can be transmitted to the 
output pump 21b of the fluid coupling 21. The 
epicyclic geanng 19 is employed because it has a 
larger moderating ratio and a high transmission 
efficiency.. To the output pump 21b, there is fixed- 
ly provided a gear 20 which rotates with the pump 
21b. 

To the crankshaft 15, there are integrally dis- 
posed a first crankshaft gear 23. which includes an 
electromagnetic clutch 22 thereinside and the 
transmission of whose rotation is cut off by the 
clutch 22. and the second crankshaft gear 24. The 
second crankshaft gear 24 is engaged via a re- 
verse idle gear 29 with a second intermediate gear 
27 which includes a one-way dutch 26. The sec- 
ond intermediate gear 27 is connected to said 
input-output gear 20 via a first intermediate gear 28 
which IS disposed on the same axis as the gear 27 
is disposed, and connected to the gear 27 via a 
non-stage transmission mechanism 95. According- 
ly, the first crankshaft gear 23 and the first inter- 
mediate gear 28 are connected to each other when 
the electromagnetic clutch 22 is turned on. that is 
to say. when said electromagnetic clutch switch is 
turned on, so that the rotative driving force is 
transmitted from the crankshaft 1 5 to said gear 20. 
In this case, the rotative force is not transmitted 
between the second intermediate gear 27 and the 
idle gear 29 due to the one-way clutch 26. and only 
the one-way clutch 26 rotates freely. 



The gear ratios of first crankshaft gear 23, the 
idle gear 29. the first intermediate gear 28. and the 
gear 20 are determined in a manner such that the 
gear ratio between the first crankshaft gear 23 and 

5 the gear 20 is small in comparison with that be- 
tween the gear 20 and the second crankshaft gear 
24. This is because this design prevents the power 
turbine from overrunning when the driving power is 
transmitted from the crankshaft 15 to the power 

70 turbine 12 with the engine being running at its 
rated revolution speed. In this particular embodi- 
ment, the gear ratio between the first crankshaft 
gear 23 and the first intermediate gear 28 is small- 
er than that between the second crankshaft gear 24 

15 and the second intermediate gear 27. 

The first crankshaft gear 23. the first intermedi- 
ate gear 28. and the input-output gear 20 are 
comprised in a gear train 56 which transmits the 
rotative power from the power turbine 12 to the 

20 crankshaft 1 5. while the second crankshaft gear 24, 
the idle gear 29. the second intermediate gear 27. 
the one-way clutch 26 and the gear 20 are com- 
prised in another gear train 56 which transmits the 
rotation power from the crankshaft 15 to the power 

25 turbine 12. 

In the illustrated embodiment, as seen in Fig- 
ures 1 and 2. the non-stage transmission mecha- 
nism 95 is provided so as to connect on the same 
axis the second intermediate gear 27 and the first 

30 intermediate gear 28. 

The non-stage transmission mechanism 95 in- 
cludes: conical friction wheels 96a and 96b dis- 
posed integrally at the protruding ends of shafts of 
the second and first intermediate gears 27 and 28. 

35 respectively: idlers 97 having contact points with 
the circumferential surfaces of the facing friction 
wheels 96a and 96b respectively so as to transmit 
the rotative driving power from one friction wheel to 
the other; a linking mechanism 92 for moving said 

40 contact points so that the pitch diameter of each 
friction wheel changes by non-stage; and a ac- 
tuation device for driving the linking mechanism 92 
based on the command from a controller 62 which 
is described later. 

45 In this embodiment, a step motor 60 is em- 

ployed as the actuation device though, any device 
is satisfactory as long as it is able to change the 
stroke of the linkage 61 as well as the contact point 
on the idlers 97. 

50 Now. the construction and the control of the 

controller 62 will be explained. 

As illustrated in Figure 1. the vehicle speed, 
engine revolution speed, loadage. and the time are 
fed to the input of the controller 62. Measuring of 

55 said time starts once the idler 97 of the non-stage 
tremsmission mechanism 95 is moved to a proper 
position by the step motor 60, and the thusly 
measured time is fed to the controller 62 as its 
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input signal. Also, to the input of the controller 62. 
an ON-OFF signal of the exhaust brake switch 43. 
an ON-OFF signal of the electromagnetic actuation 
switch 42, an ON-OFF signal of an accelerator (not 
shown), and an ON-OFF signal of the electronnag- 
netic valve 40 are fed as input signals. The output 
of the controller 62 is connected to the controller of 
the step motor 60. 

As depicted in Figures 1-5. the controller 62 
has already stored various data of characteristics in 
maps 63, 64, 65. 66. and 67. aquired by experi- 
ments conducted beforehand. The controller 62 
performs comparison operations between the 
stored data in the m aps 63-67 and the input data, 
and then the control of the step motor 60 is con- 
ducted. 

Referring to Figure 5. the control of the control- 
ler 62 will be described. 

First, the control during normal driving will be 
explained. 

In the controller 62. the program proceeds to 
the step 73 at which the control for normal driving 
is performed if the exhaust brake switch 43 is OFF 
at the step 68. the clutch actuation switch 42 is 
OFF at the step 69, or the accelerator switch is 
OFF at the step 70. When the exhaust brake switch 
43 is OFF. as illustrated in Figures 1 and 3, the 
electromagnetic valve 40 is OFF. Hence, the ex- 
haust passage 4d just upstream of the power tur- 
bine 12 and the exhaust passage 4b upstream of 
the rotary valve 31 are connected to each other via 
the first port A. And. the exhaust gas from the 
engine 1 is led through the exhaust manifold 3 into 
the exhaust passage 4a so that the energy of the 
exhaust gas is recovered by the turbine 10a of the 
turbocharger 10. The turbine 10a drives the com- 
pressor 10b disposed on the same axis thereof so 
that the supercharged air is supplied into the cyl- 
inders of the engine 1 . The exhaust gas which has 
passed through the turbine 10a of the turbocharger 
10 gives rotative power to the power turbine 12. 
This means that the energy of the exhaust gas is 
recovered by the power turbine 12. At this time, 
since the electromagnetic clutch 22 is OFF. the 
exhaust gas energy recovered by the power tur- 
bine 12 is transmitted to the first crankshaft gear 
23 via the gear 20 and the first intermediate gear 
28. During this transmission, the rotation speed is 
reduced at the planetary gear 29. In short, the 
rotative power caught by the power turbine 12 is 
transmitted to the crankshaft 15 and effectively 
utilized as a rotative power. 

Now referring back to Figure 5, the contro l 
during exhaust braking will be explained. 

When all the answers at the steps 68. 69, and 
70 are YES, the control for exhaust braking is 
performed. 

During exhaust braking, the neutrality sensing 



switch 41 . the clutch actuation switch 42. the accel- 
erator switch, and the exhaust brake switch 43 are 
alt ON. In this case, the electromagnetic clutch 
switch 47 is turned ON at the step 71 . turning the 

5 electromagnetic valve 40 ON. so as to supply the 
working fluid from the fluid feeding apparatus 36 to 
the actuation chamber 37 of the actuator 34. In 
other words, the step 72 is performed so that the 
actuation rod 33 drives the rotary valve 31 via the 

70 lever member 35, closing the exhaust passage 4b 

so as to let the exhaust passage 4d downstream of 
the rotary valve 31 communicate with the fluid 
passage 25 via the seond port B. Then, the vehicle 
velocity is detected at the step 74. 

15 Therefore, the rotative p owe r from the exhaust 

gas is not supplied to the power turbine 12 while 
the driving force of the crankshaft 1 5 is transmitted 
to the gear 20 and the fluid coupling 21 through the 
second crankshaft gear 24, the idle gear 29, and 

20 the second intermediate gear 27. I n other words , 
t he power turbine 12, as shown in Figure 4. is 

rotated in reverse sense so Jhat it functions as —a 

compressor of low efficiency which fe eds^the^ain. . 
from the exhaust passage 4c do wn stream o f_Jfae-. 

25 po wer turbine 12 to_ the junction of the fluid pas- 
sage 25. The speed of the air is accelerated when 
it passes through the second port B because it is 
throttled. The air mixing work and the compressing 
work by the power turbine 12 serve as a large 

00 negative work against the crankshaft 15. Thus, dur- 
ing exhaust braking, an engine braking force which 
includes the above mentioned negative work, an- 
other negative work by the exhaust braking, and 
the friction of the engine is produced. This engine 

35 braking force is suitable in terms of magnitude, i.e.. 
it does not apply an unduly load to the driving 
system of the vehicle at one time. The exhaust 
brake system Includes an exhaust brake valve (not 
shown) disposed in the downstream of the exhaust 

40 manifold 3, and produces a braking effort by ac- 
tuating this valve. When the exhaust brake valve is 
fully closed, a resistance force against the exhaust 
gas is increased so that the pumping work is 
increased. Hence, an engine braking force is in- 

45 creased by the exhaust brake valve. Here, the 
diameter of the second port B. d2. is determined in 
accordance with the configuration of the pxDwer 
turbine, and most preferably it is determined in a 
manner such that the power turbine 12 will not go 

50 into an overrun condition (see Figures 3 and 4). 

The controller 62 then detects the vehicle ve- 
locity at the step 74. The detected vehicle velocity 
is compared with the value stored in the map 63 at 
the step 75. Thus, an optimum reduction ratio Do 

55 relative to the vehicle velocity is obtained. At the 
step 76, the ioadage of the vehicle is detected, and 
at the step 77 an optimum reduction ratio DT 
relative to the thusly detected Ioadage is obtained 
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from the map 64. The step 78 determines which 
has priority, the optimum reduction ratio Do or DT. 
Specifically. *f DT<Do. that is to say. if the opti- 
mum re duction ratio relative to the loadage is 
smaller than that relative to the vehicle velocity, the 
optimum reduction ratio DT becomes the value of 
Do. Jf DT^Do at the step 78. Do is chosen as the 
optimum reduction ratio. In a word, the reduction 
ratio IS controlled to have the minimum value. 

The controller 62 detects the engine revolution 
speed at the step 79. and at the step 80 an 
optimum reduction ratio DE relative to the detected 
engine revolution speed is obtained from the map 
65. After that, it is determined which has priority. 
DE or Do at the step 81. If DE<Do. the value of DE 
IS assigned to that of Do. while if DE^Do, the vaiue 
of Do is chosen as the optimum reduction ratio. 

The controller 62 checks the time passed since 
the step motor 60 has been activated at the step 
82. At the step 83, and optimum reduction ratio DM 
and the time to maintain the optimum reduction 
ratio DM are determined from the map 68 based 
on said time. Then, it is determined which has 
prionty. Do or DM at the step 84. If DM<Do, the 
value of DM is assigned to Do. while if DM^Do. the 
value of Do comes out from the step 84. The thusly 
obtained Do is the final optimum reduction ratio, 
and the movement of the step motor 60 relative to 
Do. namely the moving angle (step angle) of the 
step motor 60 is determined at the step 85. And at 
the step 86. the step motor 60 is activated accord- 
ing to the thusly determined moving angle. 

Here, at the steps 78. 81 , and 84. the minimum 
optimum, reduction ratio Do is determined by judg- 
ing the priority, with respect to parameters, i.e.. the 
vehicle velocity, loadage, the engine revolution 
speed, and the time as parameters, so that a large 
exhaust brake force does not exert on the driving 
systems of the engine and the vehicle at one time, 
if the Circumstance still demands the exhaust brake 
force, the judgement is perfonmed at the step 87. 
And. when the answer is YES, the program returns 
to the step 74 and repeats the above described 
procedure until the step 88, whereby the optimum 
and minimum exhaust brake force is cyclically ap- 
plied based on the driving condition of the vehicle. 
Hence, during exhaust braking, a large driving pow- 
er is not applied to the driving system of the 
vehicle, the skidding and the abnormal wear of the 
brake pads and shoes are prevented, and the 
shock to the vehicle dnver is reduced. 

In this embodiment, it is acceptable to dispose 
a three-way valve 55 in the exhaust passage 4c 
near the junction 4e of the exhaust passage 4c 
downstream of the power turbine 12 and the fluid 
passage 25. This construction makes it possible 
during exhaust braking to close the exhaust pas- 
sage 4c and directly introduce the external at- 



mosphere cleaner than the exhaust gas. 

In the illustrated embodiment, the switching 
between the exhaust passage 4 and the fluid pas- 
sage 25 is executed by the rotary valve 31. How- 

5 ever, it is not limited to the rotary valve. For in- 
stance, when the driving rotation of reverse sense 
IS transmitted from the crankshaft 15 to the power 
turbine 12 during exhaust braking, it is permittable 
to {xovide an opening-closing valve and a throttling 

10 valve in a manner such that the opening-closing 
valve opens the exhaust passage 4b upstream of 
the fluid passage 25 and the throttling valve con- 
verges the fluid passage 25. It is also satisfactory 
to form a converging portion in the fluid passage 

75 25 to a certain degree beforehand, and to open 
and close the exhaust passage 4b upstream of the 
fluid passage 25. 

20 Claims 

1. A turbo compound engine characterized in 
that it comprises: 

a gear train (56. 56 ) for connecting a crankshaft 
25 (15) of an engine (l) and a power turbine (12) 
disposed in an exhaust gas passage (4) upon ex- 
haust braking of a vehicle so as to transmit the 
rotation of the crankshaft (15) to the power turbine 
(12): 

30 Speed-Change means (95) for adjusting the trans- 
mitting revolution speed as said gear train: and 
a controller for controlling said speed-change 
means (95) based on driving conditions of the 
vehicle. 

3S 2. The turbo compound engine according to 

claim 1, wherein said gear train includes a clutch 
(22) for connecting and disconnection said crank- 
shaft and said power turbine. 

3. The turbo compound engine according to 
40 claim 1 or 2. wherein said gear train includes two 

shafts extending horizontally and facing each other, 
and said speed-change means (95) includes: coni- 
cal friction wheels (96a. 96b) disposed at ends of 
said shafts of said gear train, idler (97) for adjusting 

45 the friction transmission points on the circumferen- 
tial surfaces of the conical friction wheels (96a. 
96b) so as to change the transmitting revolution 
speed from one conical friction wheel to the other: 
and a linkage mechanism (92) for activating said 

50 idlers (97) in accordance with control by said con- 
troller (62). 

4. The turbo compound engine according to 
one of claims 1 to 3. wherein said controller (62) is 
constructed in a manner such that the latest data of 

55 vehicle velocity supplied to the controller (62) is 
utilized as the data of vehicle velocity in a map of 
vehicle velocity-reduction ratio (83) of said gear 
tram in order to determine a reduction ratio of said 
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gear train, and said speed-change means (95) is 
controlled by the reduction ratio resulting there- 
from, said data being supplied consecutively to the 
controller (62) during exhaust braking of the ve- 
hicle, and the map (63) having been stored in the 
controller (62). 

5. The turbo compound engine according to 
one of claims 1 to 4. wherein said controller (62) is 
constructed in a manner such that the latest data of 
ioadage of the vehicle supplied to the controller 
(62) is utilized within a map of !oadage-reduction 
ratio (64) of said gear train in order to determine a 
reduction ratio of said gear train, and said speed- 
change means (95) is controlled based on the 
reduction ratio resulting therefrom, said data of 
Ioadage being consecutively supplied to the con- 
troller (62) during exhaust braking of the vehicle, 
and the map (64) being stored in the controller 

(62). 

6. The turbo compound engine according to 
one of claims 1 to 5. wherein said controiier (62) is 
constructed in a manner such that the latest data of 
engine revolution speed supplied to the controiier 
(62) is utilized in a map of engine revolution speed- 
reduction ratio (65) of said gear in order to deter- 
mine a reduction ratio of said gear train, and said 
speed-change means (95) is controlled based on 
the reduction ratio resulting therefrom, said data of 
engine revolution speed being cons ly supplied to 
the controller (62) during exhaus braking, and the 
map (65) being stored in the controller (62). 

7. The turbo compound engine according to 
one of claims 1 to 6. wherein said controller (62) is 
constructed in a manner such that the latest data of 
time supplied to the controller (62) is utilized in a 
map of time-reduction ratio (66) of said gear train 
in order to determine a reduction ratio of said gear 
train, and said speed-change means (95) is con- 
trolled in accordance with the reduction ratio result- 
ing therefrom, sard data of time being consecu- 
tively supplied to the controller (62) during exhaust 
braking of the behicle. and the map being stored in 
the controller (62). 

8. The turbo compound engine according to 
one of claims 1 to 7, wherein said controller (62) is 
constructed in a manner such that the latest data 
about vehicle velocity, toadage, engine revolution 
speed, and time supplied to the controller (62) are 
utilized in the map of vehicle velocity-reduction 
ratio (63) of said gear train, the map of loadage- 
reduction ratio (64) of said gear train, the map of 
engine revolution speed-reduction ratio (65) of said 
gear train, and the map of time-reduction ratio (66) 
of said gear train, respectively, in order to deter- 
mine a minimum reduction ratio for said gear train, 
and said speed-change means (95) is controlled in 
accordance with the thusly determined minimum 
reduction ratio, said data being consecutively sup- 
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plied to the controller (62) during exhaust braking 
of the vehicle and all the maps (63-67) being 
stored in the controller (62). 

5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



7 



SNSOOCIO. <EP. 



.0297287A1J_> 



EP 0 297 287 A1 




FIG. I 



BNSDOCID- <:g P 0 2972B7A1 I > 



EP 0 297 287 A1 





FIG. 



0> 

o 
o 



u 

U 

U 
•H 

o 

O 
0) 



0) 
(0 
X5 



4) 

a 

(0 

O V 
•-I (0 



4J 



0) 

tn 
•d 
o 



> 

Q) 

U 
•H 
i3 
0) 
> 



O 
M 

0) 

c 

a 



BNSDCCIO: <EP. 



,0297287A1J_> 



EP 0 297 287 A1 




30 



FIG. 4 
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FIG. 7 
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